The geology of the Yasukuni landslide area consists mainly of tuffaceous clastic rocks and acidic volcani - 
, the 1976 Ikutahara slide (Dia Consultants Co., Ltd., 1976 , 1977 , 1978 Maeda, 1988 Maeda, , 1999 (Maeda, 1996a) and slide composition (Fujiwara, 1974; Watari and Sakai, 1975) , respectively. These recent slides occurred in the lower parts of ancient slides (Maeda, 1988; Maeda and Arai, 1992; Maeda and Hiura, 1999) .
During the Late Miocene, the Yasukuni slide area and its vicinity was the locus of violent terrestrial volcanic-hydrothermal activity, at which time the Ryuo hydrothermal system developed.
The aim of this paper is to explain in detail the geology, structure, and hydrothermal alteration in the vicinity of the Yasukuni slide area, as well as define the clay mineralogy of slide clays and debris from the Yasukuni slide area and its vicinity, and discuss the close relationship between the Yasukuni slide and the hydrothermal interstratified illite/smectite minerals zone.
Geologic Setting
The Yasukuni slide area ( Fig. 1) , situated in the hata and Okamura, 1992; Yahata and Nishido, 1995; Yahata, 1997) , which consists primarily of Middle Miocene to Pleistocene volcanic and volcaniclastic rocks.
The geology of this area consists of Lower CretaceousPaleogene, Neogene and Quaternary Systems, and Neogene intrusive rocks (Fig.3) .
The basement rock in this area is the Lower Cretaceous-Paleocene Yubetsu Group (Tajika and Iwata, 1983; Kiminami et al., 1990) , which consists mainly of sandstone and shale and can be seen cropping out in the northeastern part of this area (Fig.4) . These rocks are affected by weak hydrothermal alteration. The Neogene System is the Upper Miocene Ikutawara Formation (Yamada et al., 1963; Yahata and Nishido, 1990; MITI, 1990b; Maeda, 1996a) , which is widely distributed in this area (Fig. 4) . This formation unconformably overlies the Yubetsu Group, and consists mainly of basal conglomerate, sandstone, mudstone, acidic welded tuff, acidic tuff, rhyolite lavas such as Yasukuni Lava (Maeda, 1998) and andesite lavas such as Setaniushiyama Lava (Maeda, 1998) . Yasukuni
Lava is phenocryst-poor biotite rhyolite lava with a clear flow structure. Setaniushiyama Lava is an andesite lava, and is also known as Seyaushiyama Lava (Nochi et al., 1967) or Setaniushiyama Andesite (Yahata and Nishido, 1995 A fault (Yahata, 1989) lies in the northeastern part of this area, striking ENE-WSW (Fig.4) . (Fig. 6 ).
The smectite zone consists primarily of smectite, coexisting with quartz, opal-CT and pyrite, and is distributed mainly in the acidic volcaniclastic rocks of the Ikutawara Formation in the northern and southern parts of this area (Fig. 6 ). Chabazite networks are locally distributed in this zone in the northern part of this area.
The zeolite zone consists mainly of mordenite, heulandite-clinoptilolite series minerals and smectite, with associated quartz, opal-CT and pyrite, and is distributed chiefly in the acidic volcaniclastics of the Ikutawara Formation in the northern and central parts of this area (Fig. 6 ).
The interstratified illite/smectite minerals zone con-sists primarily of quartz and interstratified illite/smectite minerals with associated smectite and pyrite, and is distributed mainly in the acidic volcaniclastic rocks of the Ikutawara Formation in the central part of this area (Fig. 6 ).
The illite zone consists primarily of quartz and illite with associated chlorite, interstratified illite/smectite minerals, smectite and pyrite, and is locally distributed in the acidic volcaniclastic rocks of the Ikutawara Formation in the northeastern part of this area (Fig. 6 ). (Maeda, 1996a,b This is very useful in evaluating the risk of landslide and for creating a hazard map of slides in ancient and active hydrothermal fields.
Conclusions
The geological characteristics of ten ancient slides in the vicinity of the Yasukuni slide are as follows:
(1) Ten ancient slides are distributed throughout ancient hydrothermal alteration zones in the tuffaceous c lastic rocks and acidic volcaniclastic rocks of the Upper Miocene Ikutawara Formation, as formed by the 8.1-7.7 Ma Ryuo hydrothermal system. Therefore, these ancient slides, including the Yasukuni slide, are classified as hydrothermal alteration zone slides, based on their bedrock geology.
(2) Four ancient slides, including the Yasukuni slide, are closely related to an interstratified illite/smectite minerals zone. The zone is abundant in interstratified illite/smectite minerals, which are a group of swelling clay minerals.
(3) Four ancient slides are closely related to a smectite zone. The zone is characterized by smectite, which is also a group of swelling clay minerals.
(4) One ancient slide is closely related to a zeolite zone and the other one to zeolite and smectite zones.
The zeolite zone also contains small amounts of smectite.
(5) The interstratified illite/smectite minerals in a slide clay and a hydrothermally argillized rock fragment from the displaced material of the Yasukuni slide have ordered structures and 10-20% smectite-layers.
(6) These facts are useful in evaluating modern slide hazards and constructing hazard maps of ancient and active hydrothermal fields.
